During the "Day of the Dead" celebration in México, altars are installed to commemorate the dead in different places, such as schools' libraries. To preserve this cultural tradition, students visit them to know about the meaning of the altars' elements. In a similar way to museums, children can perceive altars as boring places where they should see objects passively or listen to historical accounts of the past. To address these challenges, we propose using augmented reality to make this cultural tradition a more engaging learning experience. We implemented an augmented reality (AR) prototype which recognizes the altar's elements/objects to present narrative information through video, text, and images. We evaluated it through a within-subjects experiment to test two conditions: (A) A teacher explaining the altar (the usual method), and (B) Using the AR application. For collecting data, we used the User Engagement Scale (UES), a questionnaire to assess children's perception about the learning experience, and observations. From twenty-nine students, only nine perceived that condition A was more engaging than B (augmenting reality). A Wilcoxon Signedranks test indicated a significant difference between both conditions (W = 124.5; Z = −2.012; p < 0.05). Our results helped us identify new design features in order for AR support learning experiences about this tradition, such as including narratives through multimedia.
Introduction
The syncretism between the Spanish and the pre-Hispanic cultures originated the Day of the Dead celebration in México. Educators have criticized that the teaching of traditions' cultural values in Mexico is limited to the fact that books include related information in a decorative form, or through short descriptions. During the celebration, altars are installed to commemorate the dead in different places, such as the schools' libraries. To preserve the Day of the Dead tradition, students visit altars to know about the meaning of their elements and the life of the commemorated persons. The abovementioned implies that promoting these traditions, mainly in urban areas, is limited to exhibitions carried out only during the festivity days. These exhibitions take place in a short explanatory way about the altars. Therefore, the information that students obtain is not complete enough to be able to understand all the tradition's meanings and elements. The preceding suggests that complementing this festivity with teaching materials may allow for a broader and more complete vision of the subject. It has been identified that transmitting cultural values of the Day of the Dead, through both, printed materials, as well as information transmitted in the family and school environment, allow having a broader and more complete view of the subject analyzed [1] . Also, using interactive information sources increase the attractiveness of the information to convey for the students. Interactive systems may allow students to observe scenes related to this holiday, the ritual, and the altar elements. With this aim, we propose using augmented reality (AR) tablets as complementary teaching material. The broad definition AR states that it is a technology that overlays virtual objects (augmented components) into the real world. These virtual objects seem to coexist in the same space as objects in the real world [2] .
Through this technology, children can access the narratives that they cannot perceive directly from objects located on altars. So, we hypothesized that using AR will make this cultural tradition a more engaging learning experience for children. We used the model provided by O'Brien (2018) to understand and assess user engagement, which is defined as: "a quality of user experience characterized by the depth of an actor's cognitive, temporal, affective and behavioral investment when interacting with a digital system" [3] . Our results helped us identify new design features that support students learning experiences about this tradition.
The rest of this paper is structured as follows: Section 2 presents related work to investigations on augmenting reality in education. Section 3 presents the AR system developed so far. Section 4 describes the methodology followed to assess our system. Section 5 shows the evaluation's results. Section 6 presents our conclusions and future work.
Related Work
The variety of multimedia formats that can be used to convey learning content in AR applications makes this approach attractive to be explored in different educational settings. Thus, prior works have studied the effect on the learning and user experience of AR-based applications [4] [5] [6] . It has been found that their effects vary depending on the particular knowledge to be conveyed and the unique design of the AR experience. For instance, for learning spatial structures and functions such as chemical and astronomy configurations, students show more significant learning than using only their textbooks [7, 8] . In contrast, another study contrasted children's learning of astronomy when using a PC-based application and a mixed-reality (MR) application; with the MR app, children tend to focus on the dynamics of planet movements, while with the PC-app they focus on the surface details of planets [9] . On the other hand, multiple papers have demonstrated that factors associated with user experience are enhanced with AR apps, e.g., motivation, engagement, and enjoyment [5] . So, according to previous research, it is difficult to identify what types of content can be effectively taught using AR and which is difficult [5] .
System Deployment
To assess the feasibility of our approach and to find out the characteristics of the AR system, we developed a prototype for Android tablets and conducted an in-situ evaluation. As illustrated in Figure 1a , it consisted of a simple user interface that, when the camera was focused on an element of the altar, it presented a short narrative of the origin of the element and a video or image describing its meaning (see Figure 1b ). For conducting the evaluation, we generated 15 printed tags to be recognized through the system; four were used to explain who was the commemorated person and 11 to explain common altars' elements. The tags were attached to the corresponding elements, as shown in Figure 1a . Table  1 presents some of these tags and the narrative and images presented through AR. Table 1 . Some the elements' tags of the altar and the multimedia information presented through Augmented reality (AR).
Element's Tag Narrative Images
The pre-Hispanic belief was that before incinerating the deceased, a dog was sacrificed to accompany him/her and take care in him/her journey to the Mictlán, where felines could attack them.
The rod helps the deceased and the dog defend themselves against temptations and threats that arise along the way.
Dr. Jesús López Toledo is remembered for his great vocation to train high-quality teachers. He was a critic of the bad practices of teaching work. He received several awards, both for his teaching and for his literary work. He was the founder of the National Pedagogical University.
Study Design

Aim of the Study
This study aims to find out how the students' experience using the AR prototype affects the learning and appreciation of the cultural value of the Day of the Dead altar tradition. To pursue this objective, we designed an experiment to test the following hypothesis: Hypothesis 1. Participants perceive that the AR prototype improves their learning experience about the tradition. Hypothesis 2. The AR prototype increments their engagement for learning about the tradition.
Study Method
The study was conducted in a public middle school of our municipality, on 31 October 2018, since altars are used to be installed before the festivity day (2 November). Before the study, we talked with some of the schools' teachers to get information about how they were building the altar. We realized that they and the students plan how to design the altar in advance. For instance, they decide who dedicate the altar to, the objects to include, and how to obtain or make them. Once we obtained information of the altar that they were building, we tailored the system to show information about the elements included in that altar.
We designed a within-subjects crossover study to test two conditions that help children understand the meaning of altar elements:
•
Condition A: Listening to the teacher's explanation of the altar's elements. This is the usual method used in schools. As illustrated in Figure 2a , the teacher explains to the group of students the altars' meaning and whom the person commemorated is.
Condition B: Using the AR prototype to get information about the altar's elements (see Figure  2b and 2c).
The crossover-based method was used to cope with the learning transferring between conditions. The study consisted in a 2-h session in which half of the students first participated in the condition A, and afterward, in B; we repeated the evaluation process with the second half of the group who first participated in the condition B, and then in A. 
Data Collection and Analysis
At the beginning of the session, all the students answered an initial questionnaire about their previous experience with augmented reality. After participating in each condition, they answered the set of instruments presented in Table 2: 1. The User Engagement Scale (UES) [3] . Participants were instructed to reflect on their experience of engaging with the condition used. The instrument consists of twelve items distributed in four dimensions: Focused attention (FA), perceived usability (PU), aesthetic appeal (AE), and rewarding (RW). 2. A questionnaire with 10 items that we designed to assess children's learning experience.
We implemented the instruments with google forms. After finishing using each condition, participants accessed the instruments to score each of their items through a five-point Likert scale (strongly disagree-strongly agree). Our data collection was complemented with observations that we made during the use of the system. Two of the co-authors of this papers conducted non-participative observations by taking notes.
We used Wilcoxon matched-pairs signed ranks test and the SPSS tool to find significant differences in learning experience and engagement between the study conditions, for which we compared the P-value with a significance level set to 0.05 [10, 11] . 1 The scores were inverted for these items as indicated by the instrument instructions.
Results
Participants
Participants were 14 men and 15 women aged 11 to 13 years (M = 11.68; SD = 0.54). Twelve (12/29) of them stated that they knew what AR is, and five of them reported using AR in video games. Figure 3 and Figure 4 show, respectively, the participants' responses to the learning experience (LE) and user engagement (UES) instruments for each condition (A and B). 
Perception of Learning Experience (LE)
As illustrated in Figure 3 , most of the students perceived that condition B (the AR) increased more their learning experience than condition A (teacher's explanation). The medians obtained for condition A and B were 3.7 and 4, respectively. We obtained that the test discarded the six participants that obtained the same score in both conditions (see Figure 3) , so the N was reduced to 23. The estimated value of W is 75.5, and the critical value for W at N = 23 is 83. Even though this result is significant at P < 0.05, the signed test indicates that the value of Z is −1.911 and that this result is not significant at P2 tails = 0.056.
User Engagement (UE)
From the data collected through the UES (see Figure 4 ), we obtained that the medians for condition A and B were 3.58 and 4, respectively. We obtained that the value of W was 124.5, and that the critical value for W at N = 29 is 126. Therefore, the result of W is significant at P < 0.05. Additionally, the signed test reveals that the value of Z is −2.012, and that this result is significant at P2 tails = 0.044. We are able to conclude that using AR increments the user engagement for learning about the altars' elements.
Observed Users' Reactions
During the use of the prototype, participants interchange comments about the system. Some of them suggested their peers visit some of the altar's elements to watch some images/videos that most call their attention. We noticed that watching videos showing some animations explaining the elements were those that most liked them. These students' actions are evidence that the prototype enabled them to navigate freely through the altar's elements while interacting with their peers to discuss information discovered through the AR. Additionally, we observed that students enjoyed using the prototype as a tool to learn about this tradition.
System Requirements
Based on what we learned about how school teachers and students participate in the planning process of the altar building, and our observations during the session, we propose the following design requirements that may improve our AR prototype:
•
Enrich the narratives through multimedia, especially through visual narrative representations since they were the most appreciated by the participants during the evaluation session. Include a component to enable professors and students to tailor the AR system to present information about their altar design. We consider that this functionality could be used during the planning process of the altar, which may support the collaboration among the students.
Conclusions and Future Work
Our results provided evidence that the students' engagement is incremented through the AR system. We consider that this technology could be an appropriate means for complementing the information provided by teachers. In this paper, we provide quantitative evidence about how children perceived that AR improves their engagement for learning about cultural traditions. We observed that the AR prototype enabled students to navigate freely through the altar's elements while interacting with their peers to discuss information discovered through the AR. Our results helped to identify new system's design features to improve the learning experiences about the tradition, such as collaborative features to support the design process of altars.
A limitation of the study is that our data collection methods were based on auto-reporting and non-participative observations. Both of these techniques did not enable us to gather evidence about the knowledge that they acquire from each condition. Besides, we were not able to obtain more information about what design features they most liked or disliked of our AR prototype.
As future work, we plan to build the next version of the AR to address the previous-mentioned requirements and evaluate the new features. Additionally, we plan to use other techniques and instruments for assessing the effect of AR on the learning about this tradition, such as semi-structured interviews.
